
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2009/0129367 A1 

US 20090 129367A1 

Bitran (43) Pub. Date: May 21, 2009 

(54) MULTI-FUNCTION WIRELESS TERMINAL (52) U.S. Cl. ........................................................ 370/350 
(57) ABSTRACT 

(75) Inventor: Yigal Bitran, Ramat HaSharon (IL) 
A method for communication includes allocating time inter 

Correspondence Address: vals for a first communication session over a first connection 
DARBY & DARBY P.C. between a wireless terminal and a base station of a long-range 
P.O. BOX 770, Church Street Station wireless data network, which operates in accordance with a 
New York, NY 10008-0770 (US) first protocol defining time frames having downlink and 

uplink Sub-frames. Time slots are allocated for a second com 
(73) Assignee: ALTAR SEMCONDUCTOR munication session over a second connection between the 

LTD., Hod Hasharon (IL) terminal and a peripheral wireless device, which operates in 
accordance with a second, short-range time-slotted protocol, 
which is different from the first protocol and has a retrans 

(21) Appl. No.: 11/943,094 mission mechanism. The time slots are synchronized with the 
downlink and uplink sub-frames defined by the BS. Opera 

(22) Filed: Nov. 20, 2007 tion of the E. connection is inhibited Ring SO s the 
O O time slots that overlap the downlink Sub-frames, so as to 

Publication Classification invoke the retransmission mechanism and cause the terminal 

(51) Int. Cl. to transmit only during the time slots that do not overlap the 
HO4, 3/06 (2006.01) downlink sub-frames. 

  



Patent Application Publication May 21, 2009 Sheet 1 of 5 US 2009/0129367 A1 

26 

WIMAX 

FIG. 1 

  



Patent Application Publication May 21, 2009 Sheet 2 of 5 US 2009/0129367 A1 

CN 
2 

CD s s e 

Lll 

A. 
O 
f 

d 
O 
A. 
P 

  





May 21, 2009 Sheet 4 of 5 US 2009/0129367 A1 Patent Application Publication 

98 

  



Patent Application Publication May 21, 2009 Sheet 5 of 5 US 2009/0129367 A1 

F.G. 5 

ALIGN SUPER-FRAME 

ALLOCATE BT SLOTS, WIMAX INTERWALS 
AND WLAN POLLING INTERWALS 

RECEIVE MAP MESSAGE IN 
SECOND WIMAX FRAME 

102 

90 

94 

98 

DL. ALLOCATION 
BEYOND FIRST 2.5 MS 

YES 
. 

BLOCK FIRST 3.5 MS OF SECOND FRAME 
TO BT BY FORCING REPETITION 

COMMUNICATE OVER BT, WIMAX AND 
WLAN LINKS USING SLOT ALLOCATION 

106 

110 

  

  

  

  

    



US 2009/0129367 A1 

MULTI-FUNCTION WIRELESS TERMINAL 

FIELD OF THE INVENTION 

0001. The present invention relates generally to wireless 
communications, and specifically to wireless terminals 
capable of operating using multiple different communication 
protocols. 

BACKGROUND OF THE INVENTION 

0002 Wireless local area networks (WLANs) have gained 
broad popularity. The original IEEE 802.11 WLAN standard 
was designed to enable communications at 1-2 Mbps in a 
band around 2.4 GHz. More recently, IEEE working groups 
have defined the 802.11a, 802.11b, 802.11e, 802.11g, 802. 
11n and other extensions to the original standard, in order to 
enable higher data rates. In the context of the present patent 
application and in the claims, the term "802.11” is used to 
refer collectively to the original IEEE 802.11 standard and all 
its variants and extensions, unless specifically noted other 
wise. WLAN is also sometimes referred to as Wi-FiR). 
0003 WiMAX (Worldwide Interoperability for Micro 
wave Access) is a new technology for wireless packet data 
communications, which is similar in concept to IEEE 802.11, 
but has a number of enhancements designed to improve per 
formance and range. The original WiMAX standard, IEEE 
802.16, specified WiMAX in the 10-66 GHz range. More 
recently, IEEE 802.16a added support for the 2-11 GHz 
range, and IEEE 802.16e (approved as IEEE 802.16-2005) 
extended WiMAX to mobile applications, using an enhanced 
orthogonal frequency division multiple access (OFDMA) 
modulation scheme. In the context of the present patent appli 
cation and in the claims, the term “802.16' is used to refer 
collectively to the original IEEE 802.16 standard and all its 
variants and extensions, unless specifically noted otherwise. 
0004 Bluetooth R wireless technology is a short-range 
communication technology intended to replace the cables 
connecting portable and/or fixed devices while maintaining 
high levels of security. The latest Bluetooth specification, 
entitled “Specification of the Bluetooth System, Core Version 
2.1+Enhanced Data Rate (EDR). Jul. 26, 2007, defines a 
uniform structure for a wide range of devices to connect and 
communicate with each other. This specification, as well as 
additional information regarding Bluetooth, is available at 
www.bluetooth.com. In the context of the present patent 
application and in the claims, the term "Bluetooth Specifica 
tion' is used to refer collectively to the Version 2.1 specifica 
tion, to its variants and extensions and to earlier versions of 
the specification, unless specifically noted otherwise. 
0005 Version 1.2 and later versions of the Bluetooth 
specification define an operational mode called Extended 
Synchronous Connection-Oriented (eSCO), which forms a 
point-to-point link between a master and a specific slave. 
BluetootheSCO links offer limited retransmission of packets. 
If these retransmissions are required they take place in the 
slots that follow the reserved slots, otherwise the slots may be 
used for other traffic. 
0006 WLAN, WiMAX and Bluetooth systems often oper 
ate in adjacent or overlapping frequency bands, and thus may 
potentially interfere with one another. This interference is 
particularly severe when WLAN, WiMAX and/or Bluetooth 
devices are collocated in a single wireless terminal. 
0007. Several methods and devices are known in theart for 
enabling the coexistence of WLAN and Bluetooth communi 
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cation in the same wireless terminal. For example, Texas 
Instruments, Inc. (Dallas, Tex.) offers a hardware and soft 
ware solution that allows users to run Bluetooth and 802.11a/ 
b/g mobile WLAN simultaneously. The software monitors 
WLAN and Bluetooth traffic patterns and, when both 802.11 
and Bluetooth require bandwidth, the software uses multi 
plexing techniques to allocate the bandwidth for simulta 
neous functions. The solution is described in a product bul 
letin entitled “Wireless Performance Optimization Solutions 
Bluetooth and 802.11 Coexistence.” 2003, which is incorpo 
rated herein by reference. 
0008. As another example, NXP Semiconductors (Eind 
hoven, Netherlands) provides another hardware and software 
solution, which enables Bluetooth and WLAN coexistence 
using packet transmission arbitration techniques. This solu 
tion is described in a white paper entitled “How 802.11b/g 
WLAN and Bluetooth Can Play.” September, 2005, which is 
incorporated herein by reference. 

SUMMARY OF THE INVENTION 

0009 Embodiments of the present invention provide a 
method for communication, including: 
0010 allocating time intervals forestablishing a first com 
munication session over a first connection between a wireless 
terminal and a base station (BS) of a long-range wireless data 
network, which operates in accordance with a first commu 
nication protocol that defines a sequence of time frames hav 
ing respective downlink sub-frames for downlink transmis 
sion from the BS to the wireless terminal and uplink sub 
frames for uplink transmission from the wireless terminal to 
the BS: 
(0011 allocating time slots for establishing a second com 
munication session over a second connection between the 
wireless terminal and a peripheral wireless device, which 
operates in accordance with a second, short-range time-slot 
ted communication protocol, which is different from the first 
protocol and has a retransmission mechanism; 
(0012 synchronizing the time slots with the downlink and 
uplink sub-frames defined by the BS; 
0013 inhibiting operation of the second connection dur 
ing some of the time slots that overlap the downlink sub 
frames of the first communication protocol, so as to invoke 
the retransmission mechanism of the second communication 
protocol and cause the wireless terminal to transmit only 
during the time slots that do not overlap the downlink sub 
frames of the first communication protocol; and 
0014 concurrently conducting the first and second com 
munication sessions in the allocated time intervals and time 
slots, respectively. 
0015. In some embodiments, the long-range wireless data 
network includes a WiMAX network that operates in accor 
dance with an IEEE 802.16 standard. Typically, the second 
connection operates in accordance with an Extended Syn 
chronous Connection-Oriented (eSCO) mode of a Bluetooth 
Version 1.2 Specification. 
0016. In another embodiment, the wireless terminal 
includes a baseband unit for communicating over the second 
connection, and inhibiting the operation of the second con 
nection includes inhibiting the baseband unit. In still another 
embodiment, the wireless terminal includes a Power Ampli 
fier for amplifying Radio Frequency (RF) signals transmitted 
over the second connection, and inhibiting the operation of 
the second connection includes inhibiting the PA. Inhibiting 
the PA may include performing at least one action selected 
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from a group of actions consisting of Switching off a Supply 
voltage of the PA, modifying a bias voltage of the PA, switch 
ing off an RF input of the PA and switching off an RF output 
of the PA. 
0017 Additionally or alternatively, inhibiting the opera 
tion of the second connection may include inhibiting the 
operation responsively to determining that the BS intends to 
transmit data addressed to the wireless terminal during the 
some of the timeslots that overlap the downlink sub-frames. 
In a disclosed embodiment, determining that the BS intends 
to transmit the data addressed to the wireless terminal 
includes decoding a downlinkallocation message transmitted 
by the BS. 
0.018. In some embodiments, the method further includes 
establishing a third communication session over a third con 
nection with an access point (AP) of a wireless local area 
network (WLAN) in accordance with a third protocol differ 
ent from the first and second protocols, during time periods 
that do not overlap the time slots of the first connection and 
the time intervals of the second connection, and conducting 
the third communication session concurrently with the first 
and second sessions. 
0019. There is additionally provided, in accordance with 
an embodiment of the present invention, a wireless commu 
nication terminal, including: 
0020 a radio frequency (RF) unit; and 
0021 a baseband processing circuit, which is coupled to 
cause the RF unit to transmit and receive signals over the air 
so as to establish a first communication session over a first 
connection with a base station (BS) of a long-range wireless 
data network, which operates in accordance with a first pro 
tocol that defines a sequence of time frames having respective 
downlink sub-frames for downlink transmission from the BS 
to the wireless terminal and uplink sub-frames for uplink 
transmission from the wireless terminal to the BS, and to 
establish a second communication session over a second con 
nection between the wireless terminal and a peripheral wire 
less device, which operates in accordance with a second, 
short-range time-slotted communication protocol that is dif 
ferent from the first protocol and has a retransmission mecha 
nism; and 
0022 a coexistence processor, which is configured to allo 
cate time slots for the second session, to allocate time inter 
vals within the downlink and uplink sub-frames for the first 
session, to synchronize the time slots with the downlink and 
uplink sub-frames defined by the BS and to inhibit operation 
of the second connection during some of the time slots that 
overlap the downlink sub-frames of the first communication 
protocol in order to invoke the retransmission mechanism of 
the second communication protocol and cause the wireless 
terminal to transmit only during the time slots that do not 
overlap the downlink sub-frames of the first communication 
protocol, so as to concurrently conduct the first and second 
communication sessions in the allocated time intervals and 
the assigned time slots, respectively. 
0023 The present invention will be more fully understood 
from the following detailed description of the embodiments 
thereof, taken together with the drawings in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024 FIG. 1 is a schematic, pictorial illustration showing 
a system for wireless communications, in accordance with an 
embodiment of the present invention; 
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0025 FIG. 2 is a block diagram that schematically shows 
elements of a multi-function wireless terminal, in accordance 
with an embodiment of the present invention; 
0026 FIGS. 3 and 4 are diagrams showing coexisting 
allocations of Bluetooth, WiMAX and WLAN time slots in a 
multi-function wireless terminal, in accordance with an 
embodiment of the present invention; and 
0027 FIG. 5 is a flow chart that schematically illustrates a 
method for multi-function communication in a wireless ter 
minal, in accordance with an embodiment of the present 
invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

Overview 

0028 Embodiments of the present invention that are 
described hereinbelow provide multi-function communica 
tion terminals, which can communicate simultaneously with 
WLAN access points (APs), WiMAX base stations (BSs) and 
Bluetooth-enabled devices without mutual interference, 
despite operating in the same or overlapping frequency 
bands. The wireless terminal typically comprises WLAN, 
WiMAX and Bluetooth transceivers, as well as a coexistence 
processor that coordinates the transmission and reception 
over the different links. 

0029. The WLAN, WiMAX and Bluetooth links are coor 
dinated by allocating time slots for the three links in accor 
dance with a predetermined, repetitive super-frame. Since in 
WiMAX the timing of the link is determined by the BS, the 
coexistence processor synchronizes the timing of the Super 
frame, and thus also the timing of the WLAN and Bluetooth 
links, to the timing of the WiMAXBS with which the terminal 
communicates. 

0030 The slot allocation scheme in the Super-frame gives 
precedence to the Bluetooth link, since the voice overlay 
profile defined in the Bluetooth protocol has little flexibility in 
defining slot patterns. The precedence given to Bluetooth 
transmissions also reduces the latency and jitter of Voice 
traffic that is carried over the Bluetooth link. 

0031 WiMAX uplink and downlink intervals are allo 
cated so as to coincide with the uplink and downlink Sub 
frames of the WiMAX frames, respectively, as determined by 
the base station. As a result, the terminal is able to receive 
MAP messages and downlink messages from the BS, and to 
transmit uplink messages at the appropriate time Zones 
defined by the BS. 
0032. In some cases, however, the slot allocation of the 
Super-frame causes the terminal to receive only part of the 
WiMAX downlink sub-frame transmitted by the BS, for 
example as a result of allocating more time slots to Bluetooth 
operation. This sort of allocation constrains the flexibility of 
the WiMAX BS in constructing the downlink sub-frames. 
Typically, the BS should be aware of the specific time inter 
vals in which the terminal is able to receive WiMAX down 
link transmissions, and to position any messages addressed to 
the terminal within these intervals. These constraints limit the 
flexibility of the BS, complicate the downlink sub-frame con 
struction process and may degrade the downlink throughput 
and performance. 
0033. The methods and systems described herein use time 
slot allocations, which enable multi-function terminals to 
receive the entire WiMAX downlink sub-frame. Conse 
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quently, the WiMAX BS may position messages addressed to 
such terminals anywhere within the downlink sub-frame, 
without constraints. 
0034. In some embodiments, the terminal is assumed to 
communicate over the Bluetooth link using the eSCO mode, 
which has a built-in retransmission mechanism. The coexist 
ence processor of the multi-function terminal inhibits the 
operation of the Bluetooth link in some of the time slots that 
overlap the WiMAX downlink sub-frame. As a result, the 
eSCO retransmission mechanism is automatically triggered, 
and Bluetooth transmission is automatically deferred to the 
next time slot. 
0035. The coexistence processor may inhibit the Blue 
tooth link, for example, by applying an inhibit signal to a 
shutdown input of the Bluetooth baseband unit, by switching 
off the signals or voltages of the terminal's Power Amplifier 
(PA), or using any other Suitable means. 
0036. In some embodiments, the terminal receives and 
decodes the downlink MAP messages transmitted by the BS, 
and determines whether the BS intends to transmit messages 
addressed to the terminal in Bluetooth timeslots that overlap 
the WiMAX downlink sub-frame. If such messages are 
scheduled, the coexistence processor blocks the appropriate 
slots to Bluetooth operation and assigns them to WiMAX 
reception. Otherwise, the coexistence processor assigns the 
slots to Bluetooth operation. 

System Description 

0037 FIG. 1 is a schematic, pictorial illustration of a wire 
less communication system 20, in accordance with an 
embodiment of the present invention. In system 20, a wireless 
terminal 22 communicates with one or more WLAN access 
points (APs) 24 and one or more WiMAX base stations (BSs) 
26. In some scenarios, terminal 22 may access the Internet 
and various network services over either a WLAN or a 
WiMAX link, and may be handed over from WLAN to 
WiMAX, and vice versa. 
0038. In parallel to communicating with the WLAN and/ 
or WiMAX network, terminal 22 communicates overa Blue 
tooth link with a peripheral device. Such as a headset, a 
hands-free kit, a personal computing device or any other 
suitable Bluetooth-enabled device. In the present example, 
terminal 22 communicates with a Bluetooth-enabled headset 
28. 
0039. Although FIG. 1 shows a certain type of wireless 
terminal by way of illustration, the embodiments described 
hereinbelow are applicable to any type of wireless computing 
and/or communication device that has the appropriate com 
munication capabilities. The term "wireless terminal as used 
in the present patent application and in the claims should 
therefore be understood broadly to refer to any and all suitable 
sorts of consumer electronics, computing and communica 
tion devices in which the principles of the present invention 
may be implemented. The wireless terminal may be mobile, 
portable, nomadic or fixed. 
0040 Typically, the WiMAX network to which terminal 
22 is connected is a long-range, wide-area network (WAN) 
having wide geographic coverage. The WLAN network, on 
the other hand, is usually a local-area network having Smaller 
coverage areas, often referred to as “hotspots.” The WLAN 
hotspots are usually contained within the coverage area of the 
WiMAX network. 
0041. In some scenarios, terminal 22 communicates with 
both the WLAN and WiMAX networks simultaneously. A 
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typical scenario occurs during handover from one network to 
the other. In order to ensure a smooth handover, the terminal 
initiates communication with the network it is about to join 
before it terminates the connection with the network it is 
about to leave. Thus, during a certain time interval, the ter 
minal communicates with both networks simultaneously. 
0042. Other scenarios in which the terminal communi 
cates with both networks simultaneously occur when the 
terminal scans one network while communicating with 
another. For example, the terminal may scan the WLAN 
while communicating with the WiMAX BS, in order to check 
whether high-bandwidth communication with the WLAN is 
available. 

0043. In parallel to WLAN and/or WiMAX operation, 
terminal 22 communicates with headset 28 over a Bluetooth 
link. For example, when the terminal is engaged in a voice call 
over either the WLAN or the WiMAX network, the voice is 
transmitted to and from headset 28. As another example, 
terminal 22 may be engaged in a data session, such as a Voice 
over IP (VoIP) session, over the WLAN or the WiMAX net 
work, with the session being relayed to an adjacent laptop or 
other computing device using a Bluetooth link. 
0044. In all of these scenarios, as well as various other 
possible scenarios, there are occasions when all three com 
munication connections (WiMAX, WLAN and Bluetooth) 
are being used simultaneously. For example, the terminal may 
be handed over from the WLAN to the WiMAX network or 
vice versa, during a voice call that uses headset 28. At other 
times, the terminal may hold a call over one network, relay the 
voice or data of the call to the Bluetooth device, while simul 
taneously scanning the other network. 
004.5 Thus, there exist various scenarios in which termi 
nal 22 communicates over the WLAN, the WiMAX network 
and the Bluetooth link simultaneously. On the other hand, all 
three protocols often operate in similar, sometimes overlap 
ping frequency bands, such as in the 2.3-2.7 GHz band. 
Unless strictly coordinated, WLAN, WiMAX and Bluetooth 
transmissions may severely interfere with one another, espe 
cially when their transmitters and receivers are collocated in 
a single communication terminal. 
0046 Interference would occur, for example, if the termi 
nal were to transmit using two or more different protocols at 
the same time, or transmit using one protocol while attempt 
ing to receive using another protocol. The methods and sys 
tems described herein coordinate the timing of transmission 
and reception of terminal 22 over the WLAN, WiMAX and 
Bluetooth links. As a result, wireless terminal 22 is able to 
communicate with WLAN AP 24, WiMAX BS 26 and Blue 
tooth 28 simultaneously without mutual interference. 
0047 Exemplary methods and wireless terminals that 
enable coexistence between WiMAX, WLAN and Bluetooth 
links are described in U.S. patent application Ser. No. 1 1/647, 
122, filed Dec. 27, 2006, which is assigned to the assignee of 
the present patent application and is incorporated herein by 
reference. 

0048. As will be shown below, terminal 22 communicates 
over a single link out of the three at any given time. The 
simultaneous operation of the different protocols is carried 
out by using the different protocols in alternate time slots in a 
coordinated manner. Thus, the term “simultaneous commu 
nication, as used in the present patent application and in the 
claims, refers to the ability to maintain simultaneous and 
uninterrupted communication connections, processes or ses 
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sions over the WiMAX, WLAN and Bluetooth links, without 
mutual interference among these processes. 
0049 FIG. 2 is a block diagram that schematically shows 
elements of wireless terminal 22, in accordance with an 
embodiment of the present invention. Terminal 22 comprises 
a host processor 40, which is connected to a WLAN baseband 
unit 44, a WiMAX baseband unit 48 and a Bluetooth base 
band unit 52. Baseband units 44, 48 and 52 respectively carry 
out the WLAN, WiMAX and Bluetooth baseband processing 
functions. All three units are connected to a radio frequency 
(RF) unit 56, which comprises the RF receiver and transmitter 
circuitry for transmitting and receiving the signals of the 
different protocols. In particular, the RF unit comprises 
Power Amplifiers (PA) 60A . . . 60C, which amplify the 
transmitted WLAN, WiMAX and Bluetooth signals, respec 
tively. PAs 60A ... 60C are respectively connected to anten 
nas 64A... 64C, which transmit and receive RF signals of the 
three protocols to and from the WLAN AP, WiMAX BS and 
Bluetooth peripheral device. Although the figure shows a 
typical configuration in which the three protocols use sepa 
rate PAS and antennas, alternative configurations in which 
two or more protocols share the same PA and/or the same 
antenna are also feasible. 
0050 Terminal 22 comprises a coexistence processor 64. 
which coordinates and synchronizes the WLAN, WiMAX 
and Bluetooth communication of the terminal. In the example 
of FIG. 2, processor 64 is part of WiMAX baseband unit 48. 
Alternatively, the coexistence processor may comprise a 
separate unit, or be integrated with any other component of 
terminal 22. Further alternatively, the functionality of the 
coexistence processor may be distributed between two or 
more baseband units. 
0051. The configuration of terminal 22 shown in FIG. 2 is 
an exemplary configuration, which is shown purely for the 
sake of conceptual clarity. The methods and systems 
described herein are applicable in any other suitable terminal 
configuration. For example, the WLAN, WiMAX and Blue 
tooth baseband units may comprise separate devices or be 
integrated into a single device. The RF unit may comprise a 
single module that serves all three protocols, or may comprise 
three separate RF modules, one module serving each proto 
col. Further alternatively, the terminal may comprise three 
separate RF/baseband units, each serving a single protocol 
and comprising both baseband and RF elements. Regardless 
of the specific configuration of terminal 22, the three base 
band units can be viewed collectively as a single baseband 
processing circuit, which carries out the baseband functions 
of coordinated WLAN, WiMAX and Bluetooth operation. 
0052. In some embodiments, the terminal may comprise 
known WLAN and Bluetooth baseband devices that use a 
known WLAN/Bluetooth coordination scheme, such as the 
schemes cited in the Background section above. These coor 
dination schemes typically synchronize the WLAN and Blue 
tooth protocols using proprietary interfaces between the 
WLAN and Bluetooth baseband units. In these embodiments, 
coexistence processor 64 can be connected between the 
WLAN and Bluetooth baseband units, as shown in FIG. 2, 
and be configured to emulate the proprietary interfaces 
between them. Using this configuration, WLAN, WiMAX 
and Bluetooth coordination can be implemented substantially 
without modification to the WLAN and Bluetooth baseband 
units. 

0053. The WLAN, WiMAX and Bluetooth baseband units 
may be implemented in hardware. Such as using one or more 
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application-specific integrated circuits (ASICs). Some base 
band functions may also be implemented in software. The RF 
unit may be implemented using radio frequency integrated 
circuits (RFICs) and/or discrete components. In some 
embodiments, coexistence processor 64 may comprise agen 
eral-purpose processor, which is programmed in Software to 
carry out the functions described herein. The software may be 
downloaded to the processor in electronic form, Such as over 
a network. Alternatively, the functions of processor 64 may be 
implemented in hardware, or using a combination of hard 
ware and Software elements. 
0054. In some cases, some of the circuitry of RF unit 56 
can be shared between two or more of the WLAN, WiMAX 
and Bluetooth transceivers. Alternatively, each transceiver 
may use its own dedicated RF hardware. Some aspects of 
sharing the transceiver resources of a wireless terminal 
among different protocols are described, for example, in U.S. 
patent application Ser. No. 1 1/638,629, filed Dec. 12, 2006, 
which is assigned to the assignee of the present patent appli 
cation and is incorporated herein by reference. 

Coexisting Bluetooth, WiMAX and WLAN Slot 
Allocations 

0055. In order to avoid interference between the WLAN, 
WiMAX and Bluetooth transmission and reception, terminal 
22 transmits and receives in a predefined sequence of time 
slots, which is described in detail below. The embodiments 
described herein primarily address steady-state operation, in 
which the terminal has already established its connection 
with the appropriate WLAN AP, WiMAX BS and Bluetooth 
device. Coexistence measures used in other operational 
modes and processes, such as various link establishment and 
hand-over procedures, are described in U.S. patent applica 
tion Ser. No. 1 1/647,122, cited above. 
0056 FIGS. 3 and 4 are diagrams showing coexisting 
allocations of Bluetooth, WiMAX and WLAN time slots in 
terminal 22, in accordance with an embodiment of the present 
invention. When the WiMAX, WLAN and Bluetooth links 
are already established, Bluetooth operation is assumed to use 
the Extended Synchronous Connection-Oriented (eSCO) 
mode, as defined in the Bluetooth standard cited above. 
WLAN operation is assumed to use the Unscheduled Power 
Save Delivery (UPSD) mode, as defined in the IEEE 802.11 
standard. 
0057 Reference is now made to FIG.3. Terminal 22 com 
municates in accordance with a Super-frame 68, which is 
repeated cyclically. Super-frame 68 comprises twenty-four 
time slots 72, denoted S1... S24. Each time slot 72 is 625 LS 
long, a duration that is selected to match the 625 uS duration 
of Bluetooth time slots. Each super-frame is 15 mS long. The 
15 mS duration of the super-frame is selected because it 
corresponds to twenty-four Bluetooth slots, as well as to three 
5 mS WiMAX frames. The three WiMAX frames in the 
super-frame are denoted N, N+1 and N--2. 
0.058 Some of time slots 72 are reserved for a particular 
link out of the WiMAX, WLAN and Bluetooth links. Other 
time slots are defined as bandwidth opportunities, or optional 
slots, in which the terminal can communicate using one of the 
links, as long as no other link already uses the slot. 
0059. In some cases, the individual WLAN, WiMAX and/ 
or Bluetooth baseband units may not be aware of the structure 
of the super-frame shown in FIG. 3. In these cases, the indi 
vidual baseband units are controlled on a slot-by-slot basis by 
processor 64, which coordinates their transmission and 
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reception periods according to the Super-frame structure. In 
order to align the timing of all three baseband units, the time 
base of the WiMAX baseband unit is used as a reference, and 
the time bases of the Bluetooth and WLAN basebandunits are 
configured to track it. 
0060. The coexistence processor enables each baseband 
unit to use its designated time slots using “busy interfaces or 
lines, also referred to hereinas coexistence interfaces. In each 
time slot 72, the coexistence processor indicates to each base 
band unit whether the current slot is free or busy using this 
interface. Processor 64 may indicate to a particular baseband 
unit that a slot is busy either when the super-frame structure 
defines the slot as blocked for use in the particular protocol, or 
when the slot is an optional slot that was already seized by 
another baseband unit. The processor may schedule the use of 
optional time slots among the baseband units using a Round 
Robin priority mechanism or using any other Suitable 
method. 
0061. When a particular baseband unit requests to com 
municate, it polls its “busy' interface in order to determine 
whether it is allowed to use the current time slot. If allowed, 
the baseband unit in question sets the interface to “busy.” 
When the transmission is complete, the baseband unit 
releases the interface. 
0062. A slot allocation 76 defines the time slots assigned 

to Bluetooth operation. The assignment of Bluetooth slots 
takes precedence over the other two protocols. Bluetooth 
slots are defined at frequent, regular intervals, since the Blue 
tooth protocol has little flexibility in defining slot patterns. 
Moreover, precedence is given to Bluetooth transmissions in 
order to reduce the latency and jitter of the voice carried over 
the Bluetooth link. 
0063. In the Bluetooth link configuration, terminal 22 (or, 
more specifically, the Bluetooth baseband unit of terminal 22) 
is assumed to be the master and headset 28 is assumed to be 
the slave, so that the timing of the Bluetooth link can be 
determined by terminal 22. Being the master, terminal 22 
controls the timing of the Bluetooth slots and aligns them with 
the timing of the super-frame. When the Bluetooth link is 
initially set up with the headset being the master, the master 
and slave roles can be reversed using master-slave Switching 
(MSS) or link disconnect/connect procedures, which are 
defined in the Bluetooth standard. 

0064. In the Bluetooth eSCO mode, terminal 22 and head 
set 28 transmit and receive in adjacent time slots. In the 
present example, each side of the Bluetooth link transmits 
once every six time slots. The terminal transmits to the head 
set in slots S1, S7, S13 and S19 marked as “M” and the 
headset transmits to the terminal in slots S2, SB, S14 and S20 
marked as “S. Slots S9 . . . S12 and S23... S24 are blocked 
for Bluetooth operation, in order to enable access to the other 
protocols. 
0065 Slots S3 ... S6, S15 . . . S18 and S21 ... S22 are 
defined as optional bandwidth opportunities, or optional 
slots, in which Bluetooth information can be transmitted if the 
slot is free. The optional slots can be used, for example, for 
non-voice information, such as for exchanging data packets 
with an additional Bluetooth-enabled laptop computer. 
0066. A slot allocation 80 defines the time slots assigned 

to WiMAX operation. In WiMAX, downlink and uplink 
bandwidth (i.e., WiMAX subcarriers and symbol intervals) is 
allocated using a MAP message, which is transmitted by the 
WiMAX BS at the beginning of each WiMAX frame. The 
MAP message comprises downlink MAP and uplink MAP 
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messages. The downlink MAP allocates bandwidth in the 
current WiMAX frame, whereas the uplink MAP allocates 
bandwidth in the next frame. For example, the MAP message 
transmitted in the WiMAX frame denoted N+1 allocates the 
downlink bandwidth of frame N+1 and the uplink bandwidth 
of frame N+2. 
0067. The super-frame structure is defined so that the ter 
minal is able to receive MAP messages from the BS. Further 
more, time slots for WiMAX uplink transmission are allo 
cated so that they coincide with the uplink periods (uplink 
sub-frames) of the WiMAX frames. 
0068. In the present example, slots S9 . . . S12 of each 
super-frame are allocated for WiMAX downlink operation 
(WiMAX reception at the terminal). As can be seen in FIG.3, 
these slots correspond to the first 2.5 mS of WiMAX frame 
N+1. The terminal is able to receive the MAP message trans 
mitted in frame N--1, as well as data bursts, during this 2.5 mS 
period. Since the downlink MAP defines allocations for the 
current frame, the BS is expected to send any data bursts 
addressed to terminal 22 during the first 2.5 mS of the second 
frame of the super-frame. 
0069. In some embodiments, the WiMAX BS is aware of 
the fact that terminal 22 is a multi-function terminal that 
operates in accordance with a 15 mS Super-frame structure. 
The BS is also aware of the timing of the super-frame, and 
transmits bandwidth allocations for this terminal only in the 
MAP messages of the second WiMAX frame in each super 
frame. In particular, the BS sends uplink allocations for frame 
N+2 in the MAP message of frame N+1. Therefore, the end 
portion of frame N--2 (i.e., slots S23 and S24, and sometimes 
some or all of slots S21 and S22) are allocated to possible 
WiMAX uplink operation (WiMAX transmission from the 
terminal). Note that the beginning of the interval reserved for 
WiMAX uplink does not necessarily coincide with the timing 
of slots 72. 

0070 Slots S1 ... S8 and S13 ... S20 (i.e., WiMAX frame 
N, the second half of frame N+1 and the first half of frame 
N+2) are blocked to WiMAX operation, and the BS is 
assumed to be aware of these blocked time intervals. Thus, the 
BS refrains from transmitting downlink data and allocating 
uplink bandwidth to the terminal during these periods. 
(0071. In alternative embodiments, the WiMAX BS need 
not be aware of the Super-frame structure and timing used by 
terminal 22. For example, the terminal (or, more specifically, 
the WiMAX transceiver of the terminal) may switch to sleep 
mode during the periods that are blocked to WiMAX opera 
tion, and notify the BS of this fact. The terminal can use, for 
example, class 1 or 2 sleep mode, as defined in the IEEE 
802.16e standard, for this purpose. 
0072 A slot allocation 84 defines the time slots assigned 
to WLAN operation. The WLAN connection between termi 
nal 22 and AP 24 is assumed to use the UPSD mode. Opera 
tion in the UPSD mode is chosen because it gives the terminal 
control over the timing of transmission and reception, thus 
enabling the terminal to coordinate the timing of its WLAN 
link with the timing of the Bluetooth and WiMAX links. In 
some embodiments, such as when the latency of AP 24 is 
higher than 2.5 ms, a longer Super-frame (e.g. 30 ms) can be 
used in order to enable insertion of WLAN UPSD traffic. 
(0073. In the UPSD mode, the terminal (or, more specifi 
cally, the WLAN transceiver of the terminal) is in sleep mode 
by default. The terminal controls the timing in which it wakes 
up, transmits, receives and returns to sleep. Whenever the 
terminal wakes up to transmit an uplink transmission, it polls 



US 2009/0129367 A1 

the WLAN AP in order to receive any pending downlink data. 
If the pending downlink data exceeds the capacity of the 
allocated time slots, the terminal receives and acknowledges 
only part of the data. The terminal typically signals the AP to 
stop sending additional downlink data by refraining from 
sending uplink acknowledgments. The unacknowledged data 
is buffered by the AP until bandwidth is available. The termi 
nal can also wake up in order to synchronize with the AP and 
to transmit and receive WLAN management traffic. 
0074 As can be seen in the figure, slots S3... S6 and S15 
... S16 are dedicated to WLAN uplink and downlink opera 
tion. Slots S17... S18 and S21... S22 are defined as optional 
bandwidth (OP) slots. Slots S1 ... S2, S7... S14, S19... S20 
and S23 ... S24 are blocked to WLAN operation. 

Relaxing Constraints on the WiMAX BS Using 
Bluetooth eSCO Retransmission Mechanism 

0075. In the slot allocation of FIG. 3, terminal 22 receives 
downlink WiMAX transmissions during slots S9... S12, i.e., 
in the first 2.5 mS of the second WiMAX frame of super 
frame 68. This time interval does not cover the entire WiMAX 
downlink sub-frame (denoted DLIN+1 in the figure), which 
in the present example continues for another ~700 uS. (The 
relevant region is highlighted by a circle in the figure.) The 
fact that the terminal does not receive the full WiMAX down 
link sub-frame adds constraints to the operation of the 
WiMAXBS 
0076 For example, when the BS constructs the downlink 
sub-frame, which typically comprises downlink messages 
addressed to multiple terminals, the BS should position any 
messages addressed to terminal 22 in the first 2.5 mS of the 
downlink sub-frame. This constraint limits the flexibility of 
the BS in allocating downlink resources, and complicates the 
downlink sub-frame construction process. When the BS com 
municates with multiple multi-function terminals 22, and/or 
when a large amount of downlink traffic is addressed to Such 
terminals, the constraint may degrade the downlink perfor 
aCC. 

0077. As will be shown below, the constraints described 
above can be relaxed when the Bluetooth link between ter 
minal 22 and headset 28 operates using the eSCO operational 
mode, by using the retransmission mechanism of this mode. 
0078 Reference is now made to FIG. 4, which illustrates 
an alternative super-frame 85. In super-frame 85, Bluetooth 
slots are allocated in accordance with a slot allocation 86, and 
WiMAX reception and transmission is carried out in accor 
dance with a slot allocation 88. 
0079 Unlike super-frame 68 of FIG.3 above, in slot allo 
cation 86 of super-frame 85 the terminal receives WiMAX 
transmissions during a 3.75 mS interval spanning slots S9 . . 
. S14, which covers the entire WiMAX downlink sub-frame 
DLIN+1. As shown in allocation 86, these slots are blocked 
to Bluetooth operation. The WiMAX specification defines 
various downlink/uplink ratios, i.e., various lengths of the 
downlink sub-frame. In all of these ratios, however, the length 
of the downlink sub-frame does not exceed 3.75 mS. Thus, 
when slots S13 and S14 are assigned to WiMAX downlink 
communication, the WiMAX BS may position downlink 
messages to terminal 22 anywhere within the downlink Sub 
frame, without constraints. 
0080. In some embodiments, terminal 22 uses the retrans 
mission mechanism of the Bluetooth eSCO mode to prevent 
slots that overlap with the WiMAX downlink sub-frame from 
being used for Bluetooth transmission. Coexistence proces 
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sor 64 artificially triggers the retransmission mechanism by 
inhibiting the Bluetooth transmission of the terminal in these 
slots. Processor 64 inhibits the Bluetooth transmission by 
controlling Bluetooth baseband unit 52 and/or RF unit 56, 
using methods that are described further below. 
0081. When terminal 22 detects that it does not receive 
response from Bluetooth headset 28, it carries out retransmis 
sion in the Subsequent slot. Thus, Bluetooth transmissions are 
deferred, using the inhibition and retransmission mecha 
nisms, to the slots that do not overlap the downlink sub-frame 
of the WiMAX frame, typically without loss of Bluetooth 
information. 
I0082. The coexistence processor may inhibit the Blue 
tooth transmission is several ways. For example, Some Blue 
tooth baseband devices have a shutdown or inhibit input, 
which enables inhibiting their transmission using an external 
signal. The coexistence processor may inhibit the Bluetooth 
transmission by applying an inhibiting signal to Such an input. 
Alternatively, the coexistence processor may inhibit PA 60 in 
RF unit 56, such as by switching off the PA power supply, 
modifying a bias voltage of the PA, switching off the RF input 
or RF output of the PA, or using any other means. Further 
alternatively, the coexistence processor may use any other 
method for inhibiting Bluetooth transmission during time 
slots that overlap the downlink sub-frame of the WiMAX 
frame. 

0083. In some embodiments, terminal 22 is able to deter 
mine whether the downlink Sub-frame contains a message 
addressed to the terminal that is positioned beyond the first 
2.5 mS of the frame, and to inhibit the Bluetooth transmission 
in slots S13 and/or S14 only when necessary. If the WiMAX 
BS does not position any messages addressed to terminal 22 
in slots S13 or S14, the coexistence processor assigns these 
slots to Bluetooth operation. 
0084. Since slots S13 and S14 were blocked to Bluetooth 
transmission, these transmissions are deferred to the next 
available slots, i.e., to slots S15 and S16. Thus, slot S15 is 
used for transmission of the Master (i.e., terminal 22) and slot 
S16 is used for transmission of the Slave (i.e., headset 28). 
From this point, the nominal slot allocation shown in FIG. 3 
above is resumed, and the next Bluetooth transmissions occur 
in slots S19 and S20. 
I0085 FIG. 5 is a flow chart that schematically illustrates a 
method for multi-function communication in wireless termi 
nal 22, in accordance with an embodiment of the present 
invention. The method begins by aligning, or synchronizing, 
the various communication protocols of terminal 22 to the 
super-frame structure, at a frame alignment step 90. Terminal 
22 and sometimes WiMAX BS 26 are notified of the super 
frame structure. Coexistence processor 64 in terminal 22 
carries out the allocation of the different slot types. Processor 
64 allocates transmit and receive slots for the Bluetooth link, 
WiMAX uplink and downlink slots, and WLAN polling slots, 
at an allocation step 94. 
I0086) Terminal 22 receives the WiMAX MAP messages, 
at a MAP reception step 98. In particular, the terminal 
receives and decodes the downlink MAP message transmitted 
in the second WiMAX frame of the super-frame. 
0087. The terminal checks whether the decoded downlink 
MAP message indicates that the WiMAX BS intends to trans 
mit a downlink message to the terminal beyond the first 2.5 
mSofthe second WiMAX frame, i.e., in slots S13 and/or S14, 
at a checking step 102. If the downlink MAP message indi 
cates that a downlink message is expected in slots S13 and/or 
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S14, coexistence processor 64 inhibits Bluetooth transmis 
sion in these slots, at a Bluetooth blocking step 106. The 
coexistence processor may use any suitable method, such as 
the exemplary methods described above, for inhibiting Blue 
tooth transmission during slots S13 and/or S14. Processor 64 
may block only slot S13, or both slots S13 and S14, depend 
ing on the timing of the allocated WiMAX downlink message. 
0088. If, on the other hand, no WiMAX downlink message 

is addressed to the terminal during slots S13 and S14, the 
coexistence processor assigns these slots to Bluetooth opera 
tion. Using the allocated slots, terminal 22 communicates 
simultaneously and without mutual interference with AP 24, 
BS 26 and headset 28 over the WLAN, WiMAX and Blue 
tooth links, respectively, at a communication step 110. 
0089. The super-frame structures shown in FIGS. 3 and 4 
above are exemplary structures. In the present examples, the 
super-frames have a cyclic period of three WiMAX frames, of 
which one is inactive (sleep frame) and two are active (one 
used for downlink communication and one used for uplink 
communication). The methods and systems described herein 
can also be used, for example, with Super-frame structures in 
which two frames are active and 1+3K frames are inactive, K 
denoting an integer value. Further alternatively, any other 
Suitable slot allocation can also be used. 
0090. In some embodiments, terminal 22 may also com 
municate with headsets (or other Bluetooth peripherals) that 
do not support eSCO functionality, Such as legacy peripherals 
that support Bluetooth Specification versions earlier than Ver 
sion 1.2. When communicating with Such a peripheral, ter 
minal 22 may operate in accordance with the Super-frame 
structure of FIG. 3 above, assigning slots S13 and S14 to 
Bluetooth operation. This type of operation may cause slight 
degradation in WiMAX downlink reception but will not com 
promise Bluetooth voice quality, which is often considered of 
higher importance. 
0091 Although the embodiments described herein mainly 
address coordination of WiMAX, WLAN and Bluetoothlinks 
in a single communication terminal, the principles of the 
present invention can also be used in coexistence between 
only two of these protocols. Generally, the methods and sys 
tems described herein can be used for coordinating the trans 
missions of any suitable long-range base-station protocol 
with any suitable local, short-range protocol, which Supports 
retransmission. Furthermore, these principles may also be 
applied in coexistence schemes involving other sorts of wire 
less protocols, such as Ultra-WideBand (UWB) protocols, the 
protocols defined by the Third Generation Partnership Project 
(3GPP) Long Term Evolution (LTE), 3GPP2 Evolution-Data 
Optimized (EVDO) Rev C (UMB), the next generation Per 
sonal Handyphone System (XG-PHS) and the IEEE 802.20 
High Speed Mobile Broadband Wireless Access (MBWA) 
specifications. 
0092. It will thus be appreciated that the embodiments 
described above are cited by way of example, and that the 
present invention is not limited to what has been particularly 
shown and described hereinabove. Rather, the scope of the 
present invention includes both combinations and Sub-com 
binations of the various features described hereinabove, as 
well as variations and modifications thereof which would 
occur to persons skilled in the art upon reading the foregoing 
description and which are not disclosed in the prior art. 

1. A method for communication, comprising: 
allocating time intervals for establishing a first communi 

cation session over a first connection between a wireless 
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terminal and a base station (BS) of a long-range wireless 
data network, which operates in accordance with a first 
communication protocol that defines a sequence of time 
frames having respective downlink Sub-frames for 
downlink transmission from the BS to the wireless ter 
minal and uplink Sub-frames for uplink transmission 
from the wireless terminal to the BS; 

allocating time slots for establishing a second communi 
cation session over a second connection between the 
wireless terminal and a peripheral wireless device, 
which operates inaccordance with a second, short-range 
time-slotted communication protocol, which is different 
from the first protocol and has a retransmission mecha 
nism; 

synchronizing the time slots with the downlink and uplink 
sub-frames defined by the BS; 

inhibiting operation of the second connection during some 
of the time slots that overlap the downlink sub-frames of 
the first communication protocol, so as to invoke the 
retransmission mechanism of the second communica 
tion protocol and cause the wireless terminal to transmit 
only during the time slots that do not overlap the down 
link Sub-frames of the first communication protocol; and 

concurrently conducting the first and second communica 
tion sessions in the allocated time intervals and time 
slots, respectively. 

2. The method according to claim 1, wherein the long 
range wireless data network comprises a WiMAX network 
that operates in accordance with an IEEE 802.16 standard. 

3. The method according to claim 1, wherein the second 
connection operates in accordance with an Extended Syn 
chronous Connection-Oriented (eSCO) mode of a Bluetooth 
Version 1.2 Specification. 

4. The method according to claim 1, wherein the wireless 
terminal includes a baseband unit for communicating over the 
second connection, and wherein inhibiting the operation of 
the second connection comprises inhibiting the baseband 
unit. 

5. The method according to claim 1, wherein the wireless 
terminal includes a Power Amplifier (PA) for amplifying 
Radio Frequency (RF) signals transmitted over the second 
connection, and wherein inhibiting the operation of the sec 
ond connection comprises inhibiting the PA. 

6. The method according to claim 5, wherein inhibiting the 
PA comprises performing at least one action selected from a 
group of actions consisting of Switching off a Supply Voltage 
of the PA, modifying a bias voltage of the PA, Switching off an 
RF input of the PA and switching off an RF output of the PA. 

7. The method according to claim 1, wherein inhibiting the 
operation of the second connection comprises inhibiting the 
operation responsively to determining that the BS intends to 
transmit data addressed to the wireless terminal during the 
some of the timeslots that overlap the downlink sub-frames. 

8. The method according to claim 7, wherein determining 
that the BS intends to transmit the data addressed to the 
wireless terminal comprises decoding a downlink allocation 
message transmitted by the BS. 

9. The method according to claim 1, and comprising estab 
lishing a third communication session over a third connection 
with an access point (AP) of a wireless local area network 
(WLAN) in accordance with a third protocol different from 
the first and second protocols, during time periods that do not 
overlap the time slots of the first connection and the time 
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intervals of the second connection, and conducting the third 
communication session concurrently with the first and second 
sessions. 

10. A wireless communication terminal, comprising: 
a radio frequency (RF) unit; and 
a baseband processing circuit, which is coupled to cause 

the RF unit to transmit and receive signals over the air so 
as to establish a first communication session over a first 
connection with a base station (BS) of a long-range 
wireless data network, which operates in accordance 
with a first protocol that defines a sequence of time 
frames having respective downlink Sub-frames for 
downlink transmission from the BS to the wireless ter 
minal and uplink Sub-frames for uplink transmission 
from the wireless terminal to the BS, and to establish a 
second communication session over a second connec 
tion between the wireless terminal and a peripheral wire 
less device, which operates in accordance with a second, 
short-range time-slotted communication protocol that is 
different from the first protocol and has a retransmission 
mechanism; and 

a coexistence processor, which is configured to allocate 
time slots for the second session, to allocate time inter 
vals within the downlink and uplink sub-frames for the 
first session, to synchronize the time slots with the 
downlink and uplink sub-frames defined by the BS and 
to inhibit operation of the second connection during 
some of the time slots that overlap the downlink sub 
frames of the first communication protocol in order to 
invoke the retransmission mechanism of the second 
communication protocol and cause the wireless terminal 
to transmit only during the time slots that do not overlap 
the downlink sub-frames of the first communication pro 
tocol, so as to concurrently conduct the first and second 
communication sessions in the allocated time intervals 
and the assigned time slots, respectively. 

11. The terminal according to claim 10, wherein the long 
range wireless data network comprises a WiMAX network 
that operates in accordance with an IEEE 802.16 standard. 

12. The terminal according to claim 10, wherein the second 
connection operates in accordance with an Extended Syn 
chronous Connection-Oriented (eSCO) mode of a Bluetooth 
Version 1.2 Specification. 
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13. The terminal according to claim 10, wherein the base 
band processing circuit comprises a baseband unit for com 
municating over the second connection, and wherein the 
coexistence processor is configured to inhibit the operation of 
the second connection by inhibiting the baseband unit. 

14. The terminal according to claim 10, wherein the RF 
unit comprises a Power Amplifier (PA) for amplifying RF 
signals transmitted over the second connection, and wherein 
the coexistence processor is configured to inhibit the opera 
tion of the second connection by inhibiting the PA. 

15. The terminal according to claim 14, wherein the coex 
istence processor is configured to inhibit the PA by perform 
ing at least one action selected from a group of actions con 
sisting of Switching off a Supply Voltage of the PA, modifying 
a bias voltage of the PA, switching off an RF input of the PA 
and switching off an RF output of the PA. 

16. The terminal according to claim 10, wherein the base 
band processing circuit and the coexistence processor are 
configured to inhibit the operation of the second connection 
responsively to determining that the BS intends to transmit 
data addressed to the wireless terminal during the some of the 
time slots that overlap the downlink sub-frames. 

17. The terminal according to claim 16, wherein the base 
band processing circuit is coupled to determine that the BS 
intends to transmit the data addressed to the wireless terminal 
by decoding a downlink allocation message transmitted by 
the BS. 

18. The terminal according to claim 10, wherein the base 
band processing circuit is further arranged to establish a third 
communication session over a third connection with an 
access point (AP) of a wireless local area network (WLAN) in 
accordance with a third protocol different from the first and 
second protocols, and wherein the coexistence processor is 
arranged to allocate time periods for the third communication 
session that do not overlap the time slots of the first connec 
tion and the time intervals of the second connection, so as to 
conduct the third communication session concurrently with 
the first and second sessions. 
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